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ABSTRACT

The primary goal of this research is to show how a fully developed driveway
database will improve access management practices resulting in a reduction in crashes,
injuries, and fatalities on our roadways. The results of this thesis highlight a close
relationship between driveway characteristics and the incidence of crashes. Thus, it is
critical to be proactive in enforcing access management strategies and policies that are
designed to enhance driveway safety without compromising the economic vitality of land
use along roads. The analysis identified several significant independent variables that
influence crash rates either positively or negatively. The data driven approach to the
safety analysis discussed has resulted in several research findings with regard to the
relationship between safety and access management.
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CHAPTER ONE
INTRODUCTION

1.1

Introduction and Problem Statement
Access management is defined as a “set of techniques designed to manage the

frequency and magnitude of conflict points at residential and commercial access points.
The purpose of an access management program is to balance the mobility required from a
roadway facility with the accessibility needs of adjacent land uses.” (Janoff, 1982) Roads
with poor access management typically experience more traffic crashes, negative impacts
for adjacent property owners, and loss of public and private investment in the roadway
system. National studies have shown that crash rates are adversely affected by poor
access management. The NCHRP 420 report indicated that crash rates increase
significantly in relation to the number of access points per mile; data from 37,000 crash
records indicated that there are 30% more crashes when the number of access points
increases from 10 to 20 access points per mile. The data from this study showed that the
number of crashes quadrupled when the number of access points increased from 10 to 60
access points per mile (TRB 1999). Many other studies have documented how
uncontrolled access management results in higher crash rates and degraded traffic
operation. Recognizing the importance of having proper access management, many
studies have developed and assessed techniques to help balance the roadways’ role of
navigating traffic safely and efficiently while allowing adequate property access.
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This thesis discusses how a driveway database containing key attributes can
facilitate driveway safety analysis. With a detailed driveway database one could ensure
that potential safety and operational consequences are understood so that informed
decisions can be made when granting or denying a particular access point. Informed
decisions need to be supported through research and analysis of collision data. These
informed decisions could be made a lot faster with the amount of detail that could be
provided in a driveway database. With this information, the researcher can attempt to
create a driveway crash prediction system based on what happens on the roadways
empirically.

1.2

Research Objectives
The primary goal of this research is to develop a method that will show the

correlation of crashes to driveways using sophisticated spatial analysis. This will be done
by constructing a well-designed driveway database can be used to link the attributes of
driveways with the incidence of crashes. The analysis of crash data from several South
Carolina corridors will yield support for which access management policies, standards,
and guidelines have positive safety impacts. Ultimately, the enhanced safety through
improved access management practices will result in a reduction in crashes, injuries, and
fatalities on our nation’s roadways. Along with the increase in roadway safety, is the
enhanced data-driven access management permitting process. A list of objectives for
accomplishing the primary goal is included below:
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a) Review current literature, AASHTO design guidelines, Federal Highway
Administration technical material, and other states to determine what
information and driveway attributes to include within the driveway
database;
b) Collect driveway information throughout multiple South Carolina
corridors as well as the associated crashes along the selected roadways;
c) Create a driveway database from the collected data;
d) Perform safety analysis using the collected information to display how the
driveway database can impact access management planners from a safety
perspective;
e) Develop crash prediction formulas based off of safety analysis;
f) Identify access-related problems that likely contribute to crashes and
provide alternatives that planners could implement to avoid these issues.

1.3

Benefits of This Research
With a better idea of what types of driveways cause added crashes, planners can

improve access management practices resulting in a reduction in crashes, injuries, and
fatalities on our roadways. With a driveway database and a multitude of factual
information at their fingertips access management planners can make fast confident
decisions when permitting a new access point. The analysis of crash data from South
Carolina corridors will yield support for which policies, standards and guidelines have
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positive safety impacts. This data could also bring about new safety issues that have not
currently been addressed.

1.4

Thesis Organization
This thesis is organized into six chapters. Chapter 2 provides a review of relevant

literature about current driveway databases and the results of a survey of states. Chapter 3
discusses the analysis methodology, and the design of the Geographic Information
System (GIS) data layers required to support the analysis. The chapter also provides
summary statistics of the analysis corridors. Chapter 4 describes the analysis and model
development. Chapter 5 discusses the results of the analysis, key safety issues and the
benefits of access management. Chapter 6 gives conclusions as well as discusses future
research possibilities.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Existing Driveway Databases
The majority of the driveway database files that exist today are created by local
municipalities. Most of the detail is limited because it is used for land parcel information.
2.1.1

Wisconsin Department of Transportation’s Highway Access Management

System
The Wisconsin Department of Transportation’s Highway Access Management
System or WisDot’s HAMS, uses GIS software to populate maps with information such
as parcel data, project information, driveway permits, and statutory access controls.
Pulling all of this information together, it is used as a decision support system. WisDOT
uses this application to speed up the turnaround for the permit authorization period from
two weeks to one day. Similar to some SCDOT applications, this is only on the WisDOT
servers and is not available to the public (Khan, 2007).
2.1.2

Oregon CHAMPS

ODOT has been using a database called CHAMPS (Central Highway
Approach/Maintenance Permit System), which allows application and permit records and
processes used by the permit specialist to be consistently managed. CHAMPS is a
statewide database allowing permit specialist to access it anywhere in the state. Every
single driveway connecting to the state highway system is recorded and tracked in
CHAMPS. The use of CHAMPS by the ODOT enhances the permit application, review,
and approval process assisting permit specialists in daily organization and management
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of these criteria. There are many features and advantages that CHAMPS holds for the
ODOT, allowing permit specialists to do the following:
•

Initiate, deny, or void new access permit applications

•

Open, view, update, and save existing “in-process” permit applications

•

Identify and update permit review and approval status

•

Record the results of field inspections

•

Amend or cancel existing permits

•

Generate formal letters for typical access-related actions using
standardized templates

•

Issue new permits to applicants

Two examples of the CHAMPS windows are illustrated in Figure 2.1 and Figure
2.2.

Figure 2.1: Main CHAMPS window
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Figure 2.2: CHAMPS Application/Permit Window

CHAMPS also makes it easy to search for individual access permits and group
permits by the user simply identifying either the highway number, applicant name, or
permit specialist name.

2.1.3

The City of Jacksonville GIS

The City of Jacksonville’ GIS program is known as JAXGIS. The city of
Jacksonville began using GIS software to geocode residents’ requests and complaints for
different government agencies. They kept it updated to let the residents know what/when
issues were in the process of being resolved. They also realized that different GIS data
layers (such as edge of pavement, building footprints, driveways, parking lots, sidewalks,

7

pools, management ponds, and fences) could be extracted from aerial photos. Then it was
used to automate some processes (ArcUser Online).

2.1.4

Brazos Valley, Texas

The Brazos Valley Council of Governments (BVCOG) collected road and
driveway data using GPS equipment the data is then transferred to the regional office for
assistance in maintenance projects and sent to emergency services providers to help
responders access the property quickly. The county databases include the most current
network of named roads, address ranges, driveway points, and various boundaries related
to emergency service providers, postal communities and telephone exchanges (911
Regional GIS).

2.1.5

MapGeo by Applied Geographics

MapGeo is a service that increases productivity and information sharing for
government staff, local businesses and the general public by making it easy to view,
analyze, and make maps with authoritative local geographic data. It contains many
different layers such as driveways, sidewalks, parking, roads, trees, buildings, and many
other features. It has details on property values, home owners, etc. However it does not
seem like it has any roadway/driveway data for the features other than the visual location
(MapGeo).

2.1.6

Automated Driveway and Access Management System
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Automated Driveway and Access Management, or ADAM, System is a FHWA
funded prototype system developed by SimWright that uses digital 3D aerial photography
to extract spatial data related to driveway permitting and access management. SimWright
worked alongside Florida’s Department of Transportation while developing this tool.
Phase I of the project researched different ways to implement automated management of
additions and deletions of driveways to highway systems. The ADAM System has a webbased permit application that uses the stereo imagery and GIS software to complete the
PDF application. This saves valuable time; instead of the permit reviewer creating
datasets, the datasets are automated and the reviewer can spend more time evaluating
instead of creating. One important thing to take note of is that this is an evaluation tool
designed to assist the reviewer of the permit, not make its own decisions (Hearne, J,
2014). The GIS system can identify nearby roadways and other features that go into the
process of evaluating these permits. The 3D imagery can be used for a multitude of
access management analyses. Stereo imagery is used to extract precise GIS data such as
curb-lines parking lot boundaries and points of elevation that can be useful for access
management. This process uses GIS innovations to optimize access management tasks
(Hearne, 2003).

2.2

Attributes Used
2.2.1

Geographic Information System

The City of Cambridge, MA developed a map that covers the land area of the city
with its surrounding land. The GIS has multiple data layers including buildings, roads,
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driveways, utility structures, and 1 foot interval contours. The only attribute available for
the driveway layer is Type. Type is composed of two different options: paved or unpaved
(Driveways, 2014).
2.2.2

Highway Safety Manual

The Highway Safety Manual was created to help reduce the number and severity
of crashes on highways by providing tools for considering safety in the planning and
project development processes. The engineers use the HSM in selecting countermeasures
and prioritizing projects, comparing alternatives, and quantifying and predicting the
safety performance of roadway elements considered in planning, design, construction,
maintenance, and operation (HSM Content, 2014).
The following are attributes found in the HSM that are also needed for access
management related safety analysis:
•

Corner Clearance

•

The number of driveways within functional area of intersections

•

The distance between access points

•

Level of access / Density

•

Median presence

•

Lighting

•

Driveway type – Major/Minor: commercial, industrial, residential, other

•

On street parking

•

Length of segment

•

AADT
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•

Speed

•

Number of lanes

•

Aux lanes

•

Traffic control

Further review was done for several of these features.
2.3

Access Management Features
In order to make a connection with driveways to crashes, a thorough investigation

was needed in order to see what attributes are important in driveway design and driveway
safety. Section 2.2 discusses what information different entities record and Section 2.3
will dive in further to discuss what others are doing with these access management
features.
2.3.1

Median Type

Median treatments for roadways represent one of the most effective means to
regulate access, but are also the most controversial. The two major median treatments
include two-way left turn lanes (TWLTL) and raised medians (FHWA, 2013). According
to an analysis of crash data in seven states, raised medians reduce crashes by over 40
percent in urban areas and over 60 percent in rural areas (Gluck, Levinson, and Stover,
1999) A study of corridors in several cities in Iowa found that two-way left-turn lanes
reduced crashes by as much as 70 percent, improved level of service by one full grade in
some areas, and increased lane capacity by as much as 36 percent (IOWADOT, 1997).
Raised medians also provide extra protection for pedestrians. A study of median
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treatments in Georgia found that raised medians reduced pedestrian-involved crashes by
45 percent and fatalities by 78 percent, compared to two-way left-turn lanes (TTI, 1994).
Medians have extremely high safety factors that has been proven in studies
performed by state DOTs. Utah DOT did a study of their own finding out the safety
factors of raised medians. UDOT found out that raised medians reduced the frequency of
crashes by 39% and reduced the frequency of severe crashes by 44%.

Mississippi’s

MDOT identifies in their Access Management Guide a median policy presenting three
benefits that medians include along with illustrations of four major types of raised
restrictive medians. The three benefits shown are safety, vehicular efficiency, and
aesthetics. MDOT claims that raised medians are an efficient way to reduce crashes and
should be a strong consideration of being used where not being used. The Texas
Department of Transportation has collected data of accident rates that have occurred at
different types of medians provided a sufficient amount of information on the different
types of medians and their safety factor. The data collected is illustrated in Table 2.1.
Table 2.1: Accident Rates

Representative Accident Rates (Crashes per Million VMT) by Type of Median – Urban and Suburban
Areas
Median Type
Total Access Points per
Mile (1)
<20
20.01 – 40
40.01 – 60
>60
Average Rate

Undivided

Two-Way Left-Turn Lane

Non Traversable Median

3.8
7.3
9.4
10.6
9.0

3.4
5.9
7.9
9.2
6.9

2.9
5.1
6.8
8.2
5.6

*Includes unsignalized and signalized access points
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2.3.1.1 TWLTL
Exclusive turning lanes for vehicles remove stopped vehicles from through traffic.
Left-turn lanes at intersections substantially reduce rear-end crashes (FWHA, 2013).
Research conducted by Gluck, Levinson, and Stover (1999) on left-turn lanes
demonstrated that exclusive turn lanes reduce crashes between 18 to 77 percent (50
percent average) and reduce rear-end collisions between 60 and 88 percent. Left-turn
lanes also substantially increase the capacity of many roadways. A shared left-turn and
through lane has about 40 to 60 percent the capacity of a standard through lane (Gluck,
Levinson, and Stover, 1999).
Adding center lane is the most popular and economic treatment type in Poland to
improve traffic operation and safety on two lane suburban areas. Service drive is
preferred option to get best performance along main corridor, and TWLTL could be
considered when enough right of way is not available for service drive (Tracz et al.,
2011).
2.3.1.2 Non-Traversable
Non-traversable medians are usually used as a key technique in access
management. Gattis and Hutchison (2000) made a comparison of three urban arterial
roadways in Springfield, Missouri The three urban arterial roadways had similar lengths,
posted speed limits, volumes, and abutting land uses but different levels of access control.
They found that the roadway section with a non-traversable median and greater access
spacing had a lower crash rate and less delay than others with a two-way left-turn lane. A

13

comparison of the two two-way left-turn lane roadways found that an increase in
driveway spacing did not produce faster travel times or a lower crash rate.
Roadways with raised median usually have lower crash rates than roadways with
no median, two-way left-turn lane or other types of medians. Gattis et al. (2010)
developed relationships between crash rates and different types of medians categorized
into roadways with no median, roadways with occasional left-turn lanes, roadways with
continuous two-way left turn-lanes, and roadways with raised or depressed medians.
They concluded that the raised or depressed medians generally had lower crash rates than
the other types of medians. Similarity, Mauga and Kaseko (2010) evaluated and
quantified the impact of types of medians, including raised medians and two-way-leftturn-lanes, and other access management attributes on traffic safety in the midblock
sections. The results showed that segments with a raised median had lowered the crash
rate by 23% compared to segments with a two-way left-turn lane. The higher densities of
driveways and median openings resulted in higher crash rates and severity.
2.3.1.3 Crash Modification Factors
A crash modification factor (CMF) is a multiplicative factor used to compute the
expected number of crashes after implementing a given countermeasure at a specific site.
CMF’s in this report will be presented in a format listing either the countermeasure and
CMF number or function associated with the countermeasure. Refer to Appendix A for
full references for crash modification factors provided. Table 2.2a and 2.2b represent
CMFs for different median adaptations.
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Table 2.2a: Crash Modification Factors for Medians

Countermeasure

CMF

Add Two-Way-Left-Turn-Lane (TWLTL) to the
Major Approach of an Unsignalized 3-leg
Intersection

0.69

Add Two-Way-Left-Turn-Lane (TWLTL) to the
Major Approach of an Unsignalized 4-leg
Intersection

0.66
1.45

Convert an Open Median to a TWLTL

Table 2.2b: Crash Modification Factors for Medians

Countermeasure
Install Raised Median
Replace TWLTL with Raised Median

2.3.2

CMF
0.61
0.77

Turning Radii

The turning radius of a driveway or access road affects both the flow and safety of
through traffic as well as vehicles entering and exiting the roadway. The size of the
turning radius affects the speed at which vehicles can exit the flow of traffic and enter a
driveway. In general, the larger the turning radius, the greater the speed at which a
vehicle can turn into a site (Nashua, 2002). An excessively small turning radius will
require a turning vehicle to slow down significantly to make the turn, therefore backing
up the traffic flow or encroaching into the other lane. An excessively large turning radius
will encourage turning vehicles to travel quickly, thereby creating hazards to pedestrians
(Nashua, 2002). Either of these situations increases the potential for accidents. The speed
of the roadway, the anticipated type and volume of the traffic, pedestrian safety and the
type of use proposed for the site should be considered when evaluating the turning radius
(Nashua, 2002). Proposed uses that would require deliveries by large trucks (such as
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major retail establishments and gas stations) should provide larger turning radii to
accommodate such vehicles. Other uses such as banks, offices or areas with high
pedestrian traffic could adequately be served with smaller turning radii based on the type
of traffic they would generate.
2.3.3

Right-in/Right-out driveways

Another common access management technique in use is the use of right-in/rightout (RIRO) driveways. RIRO driveways are designed to dissuade a driver from making
left turns to or from the adjacent street. RIRO driveways generally consist of a raised
curbed or solid concrete island and regulatory signage (“No Left Turn” signs). Placing
“No Left Turn” regulatory signs makes the movement illegal and enforceable (USDOT,
2001). The use of RIRO driveways is discretionary based on local codes and policies,
alternate available access, and the specific site layout. The purpose for dissuading left
turns is to reduce vehicular conflict points, which are directly related to traffic crashes
and delay (Thieken and Croft, 2003).
Assuming compliance, a right-in/right-out (RIRO) driveway reduces the conflicts
from 9 to 2 by eliminating left-in and left-out movements (Thieken and Croft, 2003). The
three crossing conflict points that are eliminated are likely the most critical with respect
to accident severity (Thieken and Croft, 2003). The majority of crashes at driveways
involve left turning vehicles. Thus, eliminating left-turn movements should significantly
reduce the potential for crashes (Thieken and Croft, 2003). The primary issue with RIRO
driveways is that compliance is necessary to realize the reduction in conflict points.
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2.4

Crash Geocoding
Accurate crash reporting helps to improve the reliability of processes such as

crash location identification and evaluation of countermeasure effectiveness. In 2008, an
initiative was undertaken to further improve crash data collection, reporting and
processing. This system, South Carolina Collision and Ticket Tracking System
(SCCATTS), enables officers to spatially see and locate crashes via a GIS-based GPS
enabled mapping platform in police vehicles. The GPS would display the vehicle’s
location on the GIS map display and then the officer has the ability to pinpoint the exact
location of the crash. The deployment of the system began in 2010 and as of April 2013,
all highway patrol vehicles and 20 of over 200 local law enforcement agencies have been
equipped with SCCATTS (Stantec, 2013). As a result of the new crash reporting
procedures, South Carolina has made great strides to improve crash data quality within
the state. With these strides the crashes can be accurately assigned to its corresponding
crash location which tremendously benefits this research so that crashes in close
proximity to driveways can be accurately identified.

2.5

Chapter Summary
The literature review has shown that there is a limited amount of information

available related to existing driveway databases. The literature review was used to guide
the design and development of a driveway database for the selected corridors in South
Carolina presented in Chapter 3 as well as to guide the analysis of crash data presented in
Chapter 4.
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CHAPTER THREE
METHODOLOGY: DATA COLLECTION PROCEDURES AND DATA SUMMARY
3.1

Research Commencement
A great deal of data collection was necessary for the different analyses that are

discussed in Chapter 4. This data includes crash data, roadway characteristics, and
driveway characteristics. This chapter describes the data collection procedures, corridor
selection, the GIS database design, and introduces methodologies that are used in the
analyses.
Three years of crash data from 2010 to 2012 were originally acquired for this
research however only 2012 data was used in the analysis because of the improved crash
geocoding from the literature review.
The South Carolina Access and Roadside Management Standards Manual
(ARMS) provides standards and guidelines needed for access encroachments onto
SCDOT right-of-way. There are several characteristics of driveways identified in ARMS
and many of these characteristics are items that were collected as part of the driveway
database discussed in section 3.4. Roadway segment digital shapefiles for South Carolina
and SCDOT roadway attribute (RIMS) data was also provided by SCDOT for this
research.
The provided 2012 crash data along with associated RIMS attributes were
imported into a Geographic Information System. Microsoft Access was the primary
platform for working with the crash data while ArcGIS was the platform for geospatial
analysis of the crash and roadway data.
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3.2

Corridor Inventory and Selection
A major component of this research was to identity and select corridors within the

state with a high incidence of access-related crash types for detailed analysis. Microsoft
Access was used to query the number of driveway related crashes (coded as junction type
02 in the crash database) on a particular US or SC route within a county. These queries
were done for three different years; 2010, 2011 and 2012. A ranking of routes based on
the frequency of driveway related crashes was created for each year. Ranking decreased
with decreasing crash frequency. To reduce the bias towards longer routes created by
crash frequency ranking, a combined average rank was created for the three years. This
combined average rank was also to account for the fact that crashes are truly random
events. The top 30 corridors were identified for potential safety and operational analyses.
A final set of 11 corridors (see Table 3.1) was selected from the top 30 based on the
combined average rank as well as spatial distribution throughout the state. Figure 3.1
shows the location of the selected corridors.

Table 3.1: Final 11 Corridors Based on Driveway Crashes

COUNTY

3 YEAR
ROUTE ROUTE
LENGTH DRIVEWAY
TYPE
NUMBER (MILES) AVG RANK

Richland

US

1

18.5

1

353

Greenville

US

25

18.7

2

309

Greenville

SC

146

13.5

3

294

Richland

US

176

15.8

4

274
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DRIVEWAY
CRASHES

Lexington

US

1

17.6

5

214

Horry

US

17

55.4

6

195

Spartanburg SC

9

15.8

7

173

Greenville

US

29

15.4

8

159

York

US

21

35.6

9

147

Berkeley

US

17

18.8

11

149

Florence

US

52

20.4

12

131

Figure 3.1: Map of 11 Corridors
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3.3

GIS Driveway Database Design and Collection
The next step in the research was to create a driveway database for the 11 selected

corridors. A goal of this research is to correlate the attributes of driveways with the
incidence of crashes. The South Carolina Access and Roadside Management Standards
(ARMS) and the Highway Safety Manual (HSM) were used as guides in the selection of
attributes and the data dictionary for the driveway database along with access
management related manuals from other states and literature pertaining to road access
and roadside encroachment. The driveway attributes and the procedures involved in the
attribute data collection are discussed further in the next section.
3.3.1

Description of Driveway Attributes and Identification of Driveways

The initial setup of the routes involved the acquisition of roadway centerline GIS
shape files from SCDOT. The urban sections of these shape files were extracted using
urban boundary files from the U.S Census Bureau. An empty driveway layer in the form
of a point shape file set up with the driveway attribute data column headings was created
for each route in ArcGIS. The 11 routes were examined and all driveways were identified
using Bing and Google digital aerials and Google street view. When a driveway was
identified, it was assigned a point feature. Below is a summary of the driveway attributes
that were collected. These attributes were selected from a variety of different sources
such as the current edition of SCDOT’s ARMS manual and the HSM.
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Table 3.2: Driveway Attributes

Attribute
Driveway Number

Attribute
Code
Driveway_N

Number

Driveway Spacing

D_Spacing

Distance (FT) - Round to nearest foot

Driveway Turning Radius

D_Radius

Radius (FT) – Estimate

Driveway Width

D_Width

Width (FT)

Number of entry lanes

N_Entry_Ln

Number

Number of exiting Lanes
Driveway Angle

N_Exit_Ln
D_Angle

Number
Ortho
Skewed

Driveway Corner
Clearance

D_Corner_C

Distance (FT)

Driveway Throat Length
Sight Distance

D_Throat
Sight_Dist

Driveway Description

D_Type

Distance (FT)
Good
Questionable
Bad
Right in right out- channalized (painted- obvious
geometry or raised)
Right in right out- unchannalized (No left turn
sign)
No restriction
Open driveway (too wide)
One-way

Auxiliary Lane from road
into the driveway

Median Type On
Roadway

Aux_Lane_R

Median_Ty

Inputs

None
Left
Right
Both
Single or double solid yellow line/no
median/undivided
Raised median (Including aux lane)
Grass Median
Two way left turn lane (TWLTL)
Painted Double Double Yellow Median
Median opening
Aux Left Turn Lane (Bad)
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Input
Code

1
2

1
2
3
1
2
3
4
5
1
2
3
4
1
2
3
4
5
6
7

Table 3.2 (Continued): Driveway Attributes

Parking Type On
Roadway

Parking_Ty

1

None
Parallel
Angle
Perpendicular

2
3
4

Driveway Land Use

D_Use

Commercial
Industrial_Institutional
Residential
Mixed Use
Vacant Developed
Vacant Undeveloped
Other

1
2
3
4
5
6
7

Driveway Class based on
volume

D_Class

Low (Single Dwelling Units)
Medium Residential (Sub-Division/Apartments)
Medium (Low turnover small business)
High (fast food, gas station, drivethrough
banks…)
Major (Big box)
Low: 0-10 Parking
Medium: 11-50 Parking
Large: >50 Parking
Extra Large: Big box, Mall, High Rise, Parking
Block
Yes
No

1
2
3

One of One
One of Two
One of Many
Primary Drive
Secondary Drive
Not Applicable
Unsignalized
Signalized

1
2
3
1
2
3
1
2

Size of Land Use

D_Use_Size

Driveway Use Shared?

Sh_Use

Number of Driveways per
Use

No_D_Use

Driveway Hierarchy

D_Hierarch

Contral at Driveway

D_Control

Any additional comments Comments
Data Collector
Researcher
Name of Data Collector
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4
5
1
2
3
4
1
2

Text
Text

A detailed data dictionary for the database attributes is as follows:
•

Driveway Number: The driveway number is a number given to each driveway to

serve as an identification (ID) field. Driveways were numbered in the direction of data
collection along a route (also referred to as the ‘working direction’ by the team) and not
necessarily the driving direction. Directions used were west-to-east or south-to-north.
•

Driveway Spacing: Spacing between driveways was measured from the furthest

point of the current driveway to the closest point of the following driveway in working
direction; regardless of the side of the route the driveways were located. The exception to
this rule was with sections of routes that had a raised concrete or grass median some other
median barrier. The last driveway located before an intersection by default did not have a
spacing due to the presence of the intersection. Driveways located directly opposite each
other or separated by less than 12 feet had spacing for both driveways measured to the
next viable driveway along the working direction.
•

Driveway Turning Radius: The driveway turning radius was measured linearly

from the start of the driveway radius to the perpendicular (extended) line of the driveway
throat.
•

Driveway Width: The driveway width was measured across the consistent throat

section of the driveway for driveways that had a throat. Driveway openings from curbcuts without a clearly noticeable throat were measured from one side of the opening to
the other.
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•

Number of entry lanes: This shows the number of clear, marked out lanes entering

the driveway.
•

Number of exit lanes: This shows the number of clear, marked out lanes exiting

the driveway.
•

Driveway Angle: The driveway angle is the angle at which the driveway is

connected to the corridor. The driveway angle was categorized as follows – Ortho: for
driveways at an angle between 70 and 110 and; Skewed: for driveways at an angle
smaller than 70 or greater than 110.
•

Driveway Corner Clearance: The driveway corner clearance is the distance from a

driveway to the closest intersection leg on the same side the driveway is located. The
working direction did not apply in this case, therefore the corner clearance for the first
driveway after an intersection was measured back to the intersection.
•

Driveway Throat Length: The throat length of the driveway was measured from

the beginning of the driveway to the first possible vehicle conflict point along the throat.
•

Sight Distance: The sight distance attribute was a qualitative measure that sought

to identify if there could be a possible sight distance issue at the driveway. Sight distance
was categorized into three categories: good, questionable and bad.
•

Driveway Description: The driveway description characterizes the driveway into

different types. The different types of driveways used were: right-in/right-out
(channelized), right-in/right-out (unchannelized), no restriction, open (too wide) and oneway.
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•

Auxiliary Lane from road into driveway: The auxiliary lane attribute represents if

there is a designated lane for vehicles turning off the road into the driveway. The
driveway could have one of the following four options: none, left, right or both (left
turing lane and a right turning lane into the driveway).
•

Median Type on Roadway: The median on the roadway separates the travel lanes.

The median type attribute recorded the type of median along the roadway at the driveway
location. Seven median types were considered: single or double solid yellow line/no
median/undivided, raised median (including aux lane), grass median, two way left turn
lane, painted double yellow median, median opening and aux left turn lane.
•

Parking Type on Roadway: The parking type attribute shows what kind, if any, of

parking is along the roadway at the driveway location. The different types of parking that
a driveway could have are: none, parallel, angle or perpendicular.
•

Driveway Land Use: A driveway is a private road giving access from a public

way to a building on abutting grounds. The driveway land use describes what kind of
land the driveway leads to. There are a quite a bit of different land uses that a driveway
could lead to. These are commercial, industrial/institutional, residential, mixed use,
vacant (developed), vacant (undeveloped) and other. The commercial land use type
consists of retail stores, fast food, grocery stores, pharmacies, small banks, repair shops,
car dealerships/rentals, parking lots/garages, etc. The industrial/institutional type consists
of schools, large banks (corporate offices), office buildings, hospitals, dentists, police
department, library, etc. Residential types are single family homes, apartment complexes
and neighborhoods. Mixed use is used if multiple types of land use are present. The
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vacant development type is used for lands that have a building/structure but looks
abandoned or not in use. The vacant undeveloped is used when there is a driveway that
leads to an open lot. The other type is used for unclear or very unique circumstances.
Note: the land use types are based on the reviewers own judgment using the available
tools.
•

Driveway Class based on Volume: The class based on volumes attribute is used in

order to accurately predict the turnover rate for each driveway/parking lot. These are
classified by: low (single dwelling units), medium residential (sub-division/apartments),
medium (low turnover small businesses), high (fast food, gas station, drive thru banks,
etc.) and major (large malls).
•

Size of Land Use: The size of the land use attribute details the amount of parking

for the building the driveway provides access to. It is broken down into four categories:
small (0-10 spaces), medium (11-50 spaces), large (>50 spaces) and extra-large (for large
malls, high rise apartments, parking garages)
•

Driveway Use Shared: This attribute shows driveway is shared by more than one

establishment (Yes or no).
•

Number of Driveways per Use: The number of driveways per use represents

whether the driveway is: one of one (the only driveway to the land use), one of two or
one of many.
•

Driveway Hierarchy: If the establishment has more than driveway, the driveway

hierarchy indicates if the driveway is the primary drive or a secondary drive. If the
establishment has one driveway the driveway hierarchy is not applicable/not clear.
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•

Control at Driveway: The control at driveway shows whether the driveway is

signalized or unsignalized
•

Any Additional Comments: This is a comments field where researchers could tag

certain peculiar or questionable driveways or driveways they had questions or issues with
collecting data for.
•

Data Collector: This field was use to record the researcher that did the data

collection. Since multiple researchers worked on a few corridors it was helpful to know
who collected the data for each driveway in order to do quality control.
3.3.2 Populating the Driveway Database
The platforms used for the driveway attribute data collection were SCDOT RIMS,
ArcGIS equipped with a Bing aerial base map, Google Earth, Google Maps, and Google
Street view. Depending on the attribute being collected, any one or a combination of
these tools were used. The researchers populated the driveway database by analyzing the
digital maps. Measurements were taken and compared using different imagery to insure
accuracy. Google GIS attributes provided land use information in many instances and
Google street view was used to verify land use and driveway geometry. Table 3.3
provides summary data for the driveways and intersections along the case study
corridors. Table 3.4 is a sample of driveway attributes for the driveway selected in Figure
3.2.
Table 3.3: Corridor Information

COUNTY

ROUTE
TYPE

ROUTE
NUMBER

LENGTH
(MILES)

Richland

US

1

18.5

760

101

Greenville

US

25

18.7

748

78
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NUMBER OF
DRIVEWAYS

NUMBER OF
INTERSECTIONS

Greenville

SC

146

13.5

318

27

Richland

US

176

15.8

533

37

Lexington

US

1

17.6

888

67

Horry

US

17

35.2

1366

197

Spartanburg SC

9

15.8

623

39

Greenville

US

29

15.4

693

75

York

US

21

35.6

1042

85

Berkeley

US

17

18.8

792

46

Florence

US

52

20.4

677

50

Figure 3.2: Sample Driveway in ARCGIS
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Table 3.4: Sample Driveway Attributes

3.3.3 Quality Control
Many of the attributes collected are subjective. Rules were established including
examples to help minimize differences among the many researchers involved with
entering the driveway data. To further ensure quality control a separate researcher
sampled every 20th driveway to verify the accuracy of the data collection. If systematic
differences were found along a particular segment then the entire segment and in some
cases selected attributes for an entire corridor were verified. Without reliable data, the
analysis would be considered unsound.
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3.4 Chapter Conclusion
The GIS databases created as part of the research provide the foundation for the
analyses in Chapter 4. While managing crashes in a GIS is very common, the literature
review showed that the driveway database designed for this research is very unique. In
fact, the researchers were unable to identify previous research that used a driveway
database (GIS or otherwise) for any reason except to maintain access management
waivers as seen in the Literature Review in Chapter 2.
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CHAPTER FOUR
ANALYSIS
4.1 Overview of Analysis
This chapter presents the different analyses that were conducted as part of the
research. The following sections include analysis related to:
1)

Development of Driveway Crash Rates,

2)

Statistical Analysis of Driveway Crash Data,

3)

Safety Analysis of Intersection Corner Clearance,

4)

Safety Analysis of Medians and Right-In Right-Out Driveways, and

4.2 Development of Driveway Crash Rates
To determine the effects of the characteristics of driveways on crash incidence, it
is necessary to associate driveway crashes with driveways. This presents two very
difficult problems that must be overcome. First, it is necessary to distinguish driveway
crashes from other crashes; and second is to develop a one to one association of a
driveway crash to a particular driveway. Only then is it possible to determine driveway
crash rates.

4.2.1 Issues with Junction Type
For the first problem, it would be ideal to just use “junction type=driveway” as
indicated in crash reports. However, an analysis of the crash data indicates that many
obvious driveway related crashes would be omitted. Many crashes occur within close
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proximity to driveways or in the two way left turn lane (TWLTL) that, in most cases, are
likely driveway related. A study of midblock crashes along selected corridors that occur
in TWLTLs not near intersections showed that less than 25% were coded as “junction
type=driveway”. Figure 4.1 demonstrates several crashes (indicated by X’s) that were
coded as “junction type=no junction” It is apparent from this analysis that only using
crashes coded as driveway crashes will underestimate the crash incidence related to
access management policies. Thus, the researcher only eliminated crash types that were
unlikely to be driveway related such as fixed object and run-off-road crashes.

Figure 4.1 Driveway related crashes coded as “no junction”

Table 4.1 shows that roughly 25% of highway patrol crashes that fell within
driveway buffers along our sample of corridors are actually coded driveway crashes in
the crash report. Another 25% of those crashes falling within driveway buffers are
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considered occurring at some sort of intersection (4-way intersection, T-intersection, Yintersection, etc.). Note that only segment crashes were used in this analysis – all crashes
in the intersection influence areas were removed. Finally, the majority of the crashes
falling within the driveway buffers were considered ‘no junction’ by the highway patrol.
Table 4.1 Junction Type Coding for Crashes within Driveway Buffers
Junction Type Codes
Frequency Percent
0 - Blank
1 -Crossover
2- Driveway
4 - 4way Intersection
5 - Railway Grade Crossing
8 - T Intersection
12 - Y Intersection
13 - No Junction
99 - Unknown

4.2.2

53
10
435
164
3
268
5
749
1
1688

3.1%
0.6%
25.8%
9.7%
0.2%
15.9%
0.3%
44.4%
0.1%

Driveway Buffer Creation
After querying possible crash types that could be associated with driveways, the

analysis assumption is that any crashes in an influence area of a driveway is a driveway
related crash of that driveway. It is crucial that the driveway influence areas are as precise
as possible in order to evaluate the driveways effectively. One approach is to use ArcGIS
buffer techniques to buffer an area on the travelway adjacent to each driveway to
delineate the influence area. Once these buffers are created, they can be overlayed with
underlying crashes to do the association. One problem with this approach is that the
resulting driveway buffers would be circles around the point that represents the location
of the driveway. This would bias crashes that occur closer to the side of the road. Ideally,
rectangular buffers would give a better indicator of a driveway’s influence area. Thus,
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models were created that could make rectangular buffers that stretched across the
roadway. Two models were created depending on driveway type—one model for right-in
right-out (RIRO) driveways and one model for full access driveways.
The first model designed was created in order to project the RIRO driveways.
Since these driveways do not accommodate left turns the buffer stretches from the edge
of pavement, where the driveway starts, to the centerline of the roadway. Before this
model could be run, all of the RIRO driveways were selected and exported into a new
ArcGIS shape file. The created model takes two inputs, the RIRO driveways and the
roadway centerline segments. The model creates a new table and then adds the x and y
coordinates of a RIRO driveway and then it creates a perpendicular line from the
driveway point to the closest point on the roadway segment. Next, the driveway width
attribute is associated with the line and is used to create the finished driveway buffer. The
driveway buffer width is the driveway width plus thirty feet to accommodate about a car
length on each side of the driveway (Figure 4.3). The 15 foot value was identified in an
analysis using different values starting at 0 (thus the driveway influence area would only
be equal to the actual driveway width) to 30’ in 6 foot increments. The number of crashes
that fell within each buffer was determined and graphed. An inflection (abrupt change in
slope) occurred for 15 feet (on each side). This can be seen in Figure 4.2. This distance is
equivalent to about the length of a standard vehicle on either side of the driveway.
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Figure 4.2: Driveway Buffer Analysis

Figure 4.3: Right In Right Out Driveway Buffers

The full access driveway buffer model is a bit more complicated. A few extra
steps had to be done before this model could be run. Similar to the RIRO driveways, all
full access driveways were selected and exported to a new shape file. The variable road
segment buffer that represented the travelway width was also necessary for this model.
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Next, two new point shapefiles were created: Top and Start/End. The Start/End points
were place on each end of the travelway buffer and the Top point was placed within thirty
feet of the top of the corridor buffer. After all the input files (full access driveways,
travelway buffer, Top, and Start/End) were created the model could be run. The model
follows a similar process to the RIRO driveways but has more steps. The full access
driveway buffer can be seen in Figure 4.4. Both models were used for each corridor
individually.
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Figure 4.3: Full Access Driveway Buffers

4.2.3

Driveway Summary Statistics
Once the driveway buffers were created various types of analyses could be

conducted. In order to analyze the safety of the driveways we first have to determine how
many crashes occur within the driveway buffers. This was done by aggregating the 2012
crash data that is potentially driveway related into the driveway buffers using the GIS
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overlay capability. The resulting crash count in each buffer gives the 2012 crash rate for
each driveway. The average crash rate of the 11 corridors represents the total number of
crashes that fell within driveway buffers divided by the total number of driveways. The
overall driveway crash rate for the 11 corridors is 0.22 crashes per driveway. The same
process was done for each corridor individually and the results are shown below in Figure
4.5.

Figure 4.5: Crash Rate by Corridor (Year 2012)

Given the wide variations in crash rates for these 11 corridors further evaluation
was done to determine the disparity. As mentioned previously it is very important to
accurately geocode the locations of crashes when dealing with spatial data analysis. For
some of these corridors the highway patrol only recorded a small portion of the total
number of crashes along the corridor with the majority of crashes being recorded by local
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authorities not equipped with the new system mentioned in Chapter 2. Table 4.2 shows a
comparison of the crash rate and the proportion of crashes recorded by highway patrol. It
is not coincidental that the corridors with the lowest driveway crash rates have the lowest
proportion of crashes recorded by highway patrol. To minimize the potential bias
associated with corridors with a high proportion of crashes not being recorded with
SCCATTS, only those corridors with a highway patrol crash reporting proportion greater
than 70% was considered for further analysis. This threshold was chosen to minimize the
disparity while still allowing the majority of the selected corridors to be used in the
detailed analysis. These corridors include US 1 Richland, US 176 Richland, SC 146
Greenville, US 25 Greenville, SC 9 Spartanburg and US 17 Berkeley. After removing the
other 5 corridors the overall driveway crash rate increased to 0.36 crashes per driveway
based on 2012 crash data. The next several subsections summarize crash rates for
different driveway characteristics.
Table 4.2: Comparison of Crash Rates and the Crash Reporting Agency

Corridor

Crash Rate

HP

All

Proportion

US 52 Florence

0.06

138

531

26.0

US 21 York

0.06

211

755

27.9

US 17 Horry

0.11

801

1773

45.2

US 1 Lexington

0.13

458

759

60.3

US 17 Berkeley

0.16

393

543

72.4

US 29 Greenville

0.22

404

777

52.0

SC 9 Spartanburg

0.25

397

414

95.9

US 1 Richland

0.34

722

987

73.2

US 25 Greenville

0.43

927

1042

89.0

US 176 Richland

0.53

584

696

83.9
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SC 146 Greenville

0.70

603

777

77.6

4.2.3.1 Crash Rate by Driveway Class
The driveway class was recorded to demonstrate the safety effects of the turnover
rate of driveways. A residential driveway with a ‘low’ class represents a single dwelling
unit such as someone’s home. Class Medium residential is for subdivisions with more
than a few houses and apartments. Businesses with low turnover such as small offices
and small sit-down restaurants were assigned to the ‘medium’ class. High turnover
driveways include fast food restaurants, gas stations and drive thru banks. The final class
‘major’ is for big box commercial developments, local shopping centers, malls, and other
significant commercial developments. The crash rates follow the expected trends with the
rates increasing as the class goes up. This shows that this driveway ‘class’ is very
important when considering the safety aspects of implementing future driveways. The
classes were manually assigned by the data recorders after extensive training. The results
can be seen in Figure 4.6 below. The figure shows that the major driveway class has
nearly 10 times the crash rate of a low category driveway. Note that the rates are for
driveways that are on State Routes with significant traffic volume. Crash rates on
residential streets will undoubtedly be much lower.
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Figure 4.6: Crash Rate by Driveway Class

4.2.3.2 Crash Rate by Driveway Use
Similarly to the driveway class, the land use/parking size was another attribute
recorded as a way to estimate the volume of vehicles using the access point. This attribute
is also easier to record because it is solely based on the parking lot size. The different
groups for this attribute are: low, medium, large and extra-large. Low parking is for land
uses with 0-10 parking spaces, medium is for driveways that lead to 11-50 parking
spaces, and large is for land uses with greater than 50 spaces or high-turnover fast food
restaurants with 40 or more spaces. The last category is extra-large which is used for big
box commercial, malls, and high rises. The result for this driveway characteristic is
shown in Figure 4.7.
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Figure 4.7: Crash Rate by Driveway Use

4.2.3.3 Crash Rate by Driveway Type
Driveways can have a variety of different configurations. The driveway type field
categorizes the driveway as one of the following: Right-in Right-Out (RIRO)–
Channelized, RIRO – Unchannelized, No restriction, Open driveway (continuous), or one
way. Channelized driveways include well marked, obvious geometry, use of islands, or
raised medians that force one to make the right turn only. Unchannelized driveways may
have painted turn arrows but may experience wrong-way movements. No restriction
driveways are full access driveways and open driveway configurations have continuous
driveway openings or mountable curbs where access can occur all along the property.
Figure 4.8 shows the crash rates by driveway type. The figure shows that open driveways
experience the highest crash rate of 0.76 crashes per driveway. This may be because of
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the larger conflict area that is typical of this type of driveway. The data indicates that the
RIRO driveways has a crash rate that is less than half that of full-access driveways.

Figure 4.8: Crash Rate by Driveway Type

4.2.3.4 Crash Rate by Median Type
The literature review indicates that median type is a significant contributor to
crash incident related to driveways. Seven different median types were considered in the
data collection process. The most common median type in the United States is the single
or double solid yellow line undivided. The data showed that the undivided category had a
surprisingly low crash rate relative to other driveways. This was looked into further and it
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was shown that most of these driveways were adjacent to undivided roads with about
9,000 less vehicles per day than the average AADT with driveway spacing much higher
than typical for the corridors. We will see later that increased AADT and reduced
driveway spacing experience higher driveway crash rates. The next two types of medians
that were considered were raised and grass medians. These median types all but
guarantee one from making a left turn or crossing the median which in turn limits the
number of conflict points and conflict types (e.g. no crossing conflicts). Both of the crash
rates for these were very low 0 (0 crashes for 12 driveways with grass medians) and 0.14
for a raised median respectively. A painted double-double yellow line also prohibits
crossing maneuvers however drivers typically cross these markings if it is more
convenient to do so. The higher crash rate of painted double-double lines confirms this.
One median type that is prevalent in urban areas with a lot of access points is a two-way
left-turn lane (TWLTL). The TWLTL has a fairly high crash rate relative to road
configurations with raised medians. Driveways in close proximity to intersections where
vehicles typically cross intersection auxiliary lane markings have a crash rate nearly fifty
percent high than the average driveway crash rate. The highest crash rate for the median
types is if there is an opening to a continuous median allowing cars to make turns. This
crash rate is 0.97 crashes per driveway. The higher rate is likely due to median openings
serving multiple driveways. The crash rate is higher for the driveway nearest to the
median opening, while all of the nearby driveways will have a much lower crash rate
benefiting from the raised median. The driveway crash rates by median type are shown in
Figure 4.9.
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Figure 4.9: Crash Rate by Median Type

4.2.3.5 Additional Crash Rates
Figures 4.10, 4.11 and 4.12 represent the crash rates for a variety of different
driveway characteristics including if the driveway is a primary or secondary (if there are
multiple driveways for a single land use), whether the driveway is the only driveway, one
of two driveways or one of many driveways, and if the driveway is signalized.
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Figure 4.10: Crash Rate by Driveway Hierarchy

Figure 4.11: Crash Rate by Number of Driveways per Use
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Figure 4.12: Crash Rate by Driveway Control

4.3

Statistical Analysis of Driveway Crash Data
While the driveway crash rate summary statistics provide insight into the crash

experience of each driveway, the rates can be deceiving due to the confounding effects of
other driveway characteristics. In this section, models were developed to predict the
contribution of individual driveway characteristics to crash incidence and the statistical
significance of this contribution.

4.3.1

Negative Binomial Analysis
Vehicle accidents are random, discrete, and non-negative. As such, commonly

used models to study traffic accidents are the Poisson and negative binomial regression
models. Another reason for their popularity is their ability to identify effectively a broad
range of risk factors for accidents, and thus, provide valuable information for traffic
engineers to select mitigation measures. Between the Poisson and negative binomial
models, the Poisson model was deemed not appropriate for this study because the mean
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and variance of the crashes-per-driveway distribution are not approximately equal. For
this reason, the negative binomial regression model is employed to identify driveway
geometrics and roadway characteristics that affect driveway related crashes. The negative
binomial model is shown in the equation below.

λn λi = βX i + ε i

Where:

λi is the expected number of crashes for driveway i, X i is a vector of explanatory
variables, β is vector of estimable coefficients, and exp(e i ) is a gamma-distributed error
term with mean one and variance α .

The negative binomial estimation results of crashes per driveway are shown in
Table 4.3. The first column shows the statistically significant variables; they were
obtained through a systematic evaluation and removal of insignificant variables. Column
2 shows the variables’ estimated coefficients. A positive coefficient is interpreted as
increasing crashes and a negative coefficient as decreasing crashes. The third column
shows the standard errors for the regression coefficients. The last two columns show the
z-values (test statistics) and p-values for null hypothesis that an individual predictor's
regression coefficient is zero, given that the rest of the predictors are in the model. The
results in Table 4.3 indicate that increasing the distance between driveways, increasing
the number of entry lanes, and having a raised median will decrease driveway related

49

crashes. Conversely, increasing driveway width, corridor volume and corridor speed limit
will increase crashes. Similarly, a driveway with high turnover land use, a driveway with
full access (as opposed to right-in right-out), and the presence of the nearby signalized
intersection will increase crashes. The magnitude of the coefficients can be interpreted as
follows. By having a raised median instead of other types of median, the difference in the
logs of expected crashes will decrease by a factor of 0.07156, while holding the other
variables in the model constant. In regard to the constant, it indicates that the expected
number of crashes is nearly zero (actual value for λi is 0.00617; ln0.00617 = -5.087).
Lastly, it is noted that the dispersion parameter for the negative binomial is 0.6175, which
is significantly greater than 0, and thus, indicating that the negative binomial model is
more suitable than the Poisson model for analyzing driveway crashes.

Table 4.3: Negative Binomial Estimation Results for Crashes per Driveway

Variables
Constant
D_Spacing
D_Width
N_Entry_Ln
RaisedMedian
D_Class4
D_Class5
D_Control
AADT
SpeedLimit
FAorRIRO

4.3.2

Estimate
-5.087e+00
-4.496e-04
2.578e-02
-3.411e-01
-7.156e-01
7.507e-01
8.354e-01
1.407e+00
8.220e-05
1.987e-02
8.264e-01

Std. Error
5.233e-01
2.824e-04
2.407e-03
1.770e-01
3.244e-01
9.294e-02
1.510e-01
1.808e-01
4.705e-06
9.574e-03
2.327e-01

Development of Crash Modification Factors
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z-value
-9.721
-1.592
10.711
-1.927
-2.206
8.077
5.533
7.783
17.471
2.075
3.551

p-value
< 2e-16
0.111365
< 2e-16
0.053955
0.027371
6.63e-16
3.15e-08
7.10e-15
< 2e-16
0.037986
0.000384

Crash modification factors (CMFs) capture the relationship between a change in a
specific highway geometric design element (e.g., lane width) and safety. It is a
multiplicative factor or function used to compute the expected number of crashes after
implementing a given countermeasure at a specific site. Thus, given a CMF, this value
would be multiplied by the expected crash frequency prior to treatment. A CMF greater
than 1.0 indicates an expected increase in crashes, while a value less than 1.0 indicates an
expected reduction in crashes after implementation of a given countermeasure. For
example, a CMF of 0.9 indicates an expected safety benefit; specifically, a 10% expected
reduction in crashes. On the other hand, a CMF of 1.1 indicates an expected degradation
in safety; specifically, a 10% expected increase in crashes.
This research estimates the CMFs directly from the coefficients of the developed
negative binomial model. The method for developing CMFs is recommended by multiple
publications for cross sectional studies (Stevens, 2008; Gross, 2010). Because some of
the variables are continuous, crash modification functions were also developed using a
method by Lord and Bonneson (2007) who estimated crash modification functions for
rural frontage roads in Texas. Using their approach, the CMFs for continuous variables
are estimated as follows.

Where:
xj = range of values or a specific value investigated (e.g., lane width, shoulder
width, etc.) for CMFj;
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yj = baseline conditions or average conditions for the variable xj (when needed or
available); and
βj = regression coefficient associated with the variable j.
This approach of estimating CMFs assumes that each model variable is independent and,
thus, not influenced by the value of any other variable. It also assumes that the
relationship between the change in the variable value and the change in crash frequency
is exponential (as indicated by the negative binomial model). The following presents the
derived crash modification functions for continuous variables.
Driveway Spacing
CMFDS = e ( −0.0004496×[DSa − DSb ])
Where
DSa = driveway spacing in feet after modification.
DSb = driveway spacing in feet before modification.
As an example, increasing driveway spacing from 150 to 200 ft. would result in a CMF
of 0.98 (a crash reduction of 2%). Decreasing driveway spacing 100 feet to 150 feet
would result in a CMF of 1.02 (a crash increase of 2%).
Driveway Width
CMFDW = e ( 0.0258×[DWa − DWb ])
Where:
DWa = driveway width in feet after modification.
DWb = driveway width in feet before modification.
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This CMF suggests that increasing driveway width will increase the amount of
driveway related crashes. It indicates that the use of continuous driveways should be
avoided. This may be because of the increased conflict area associated with continuous
driveways. As an example, reducing a 40 foot continuous driveway to a 24 foot driveway
(typical for 2 lanes) will result in a crash reduction of 51%.
Number of Entry Lanes
CMFNEL = e ( −0.3411×[ NEL −1])
Where:
NEL = Number of driveway entry lanes
For this CMF, the value 1 reflects the base, or typical number of driveway entry
lanes. By definition, it is associated with a CMF value of 1.0. From the above equation, a
driveway with 2 entry lanes would result in a CMF of 0.71 (a crash reduction of 29%).
This can be attributed to drivers (those making left and right turns) having their own
paths when entering the driveway thus reducing potential conflicts between two opposing
drivers entering a driveway at the same time.

Corridor Annual Average Daily Traffic
CMFAATD = e ( 0.0001×[ AADTa − AADTc ])
Where:
AADTa = Analysis Annual Average Daily Traffic
AADTc = Base or comparison Annual Average Daily Traffic
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For this factor, the user can compute the CMF to compare the relative safety
between two different AADT values. As an example assume that you want to compute
the CMF where the base AADT value is 2000. If the analysis AADT is 1000, the CMF
would be .90 (a crash reduction of 10%). Alternatively, an AADT volume increase from
2000 to 3000 AADT would result in a CMF of 1.11 (a crash increase of 11%).
Corridor Speed Limit
CMFSL = e ( 0.0199×[ SLa −SLb ])
Where:
SLa = Posted Speed Limit of the travel way after
SLb = Posted Speed Limit of the travel way before

Using an example, the average speed limit for the corridors was about 40 mph.
Using this value as the base before value, if the speed limit was reduced to 30 mph would
result in a CMF of 0.82 (a crash reduction of 18%). Increase the roadway speed from 40
mph to 55 mph result in a CMF of 1.35 (a crash increase of 35%).
Crash modification factors were also derived for non-continuous variables. They
are presented in Table 4.4. The results indicate that installing a raised median
(CMF=0.49) will reduce crash frequency by 51%. The highly rated CMF values from the
CMF Clearinghouse (Appendix A) for this countermeasure range from 0.29 to 0.86.
Thus, the finding is comparable to those found in other studies. Other results show that if
driveways go from standard to high turnover driveways (Type 4 and 5), two times the
amount of crashes are expected. If the presence of a traffic signal is involved the expected
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crash rate increases up to four times the amount. This can be attributed to the higher
driveway volumes in presence of a signal. When a right-in-right-out driveway is
converted into a full access driveway, the crash rate would increase. The developed crash
modification factors should only be used for the roadway types they were created by; in
this case they are urban segments with AADT between 10,000 and 30,000.
Table 4.4: Crash Modification Factors

Variables
Median (1 for
raised, 0 for all
others)
D_Class4
D_Class5
D_Control
FAorRIRO

CMF

95% Confidence Bounds

0.49

0

1.12

2.12
2.31
4.08
1.26

1.94
2.01
3.73
0.37

2.30
2.60
4.44
1.72

4.4 Safety Analysis of Intersection Corner Clearance
4.4.1 Overlay analysis
A detailed analysis to identify problem driveway locations involved a study of
driveway crash data within 150 feet of intersections in which the corner clearance of the
driveway does not comply with published standards in the SCDOT Access Management
Guidelines. The corner clearance attribute from the GIS database of driveways for 6
corridors were used for this analysis as well as a 180 foot buffer of the intersection center
point. Travel way polygons from the buffer analysis were also used and were overlayed
with 50 foot driveway buffer polygons that were within 150 feet of intersections and fell
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within 180 feet of the center point of the intersection. Buffering the intersection was
necessary to identify if more than one driveway falls within 180 feet intersection buffer.
The intersection buffer distance of 180 feet was used to account for the width of the
intersection however only driveways with an actual corner clearance of 150 feet or less
were included in the analysis. The resulting polygon layers were then overlayed with the
crash data to determine the number of driveway related crashes within the overlapping
hatched area shown in Figure 4.13. Note that the solution is the crashes that fall within
the Boolean intersection (overlay) of buffers of three different features: 1) 180 foot
intersection buffer, 2) travelway buffer, and 3) 50 foot driveway buffers with a corner
clearance less than 150 feet.
Table 4.5 shows the 2012 highway patrol crash data using two different distances:
1) from 0 to 150’ from intersections; and 150’ to 300’. All 6 corridors show that the
number of driveway crashes within 150’ of intersections is significantly higher than the
number of driveway crashes between 150’ and 300’ from intersections. The crash rates
are also higher in all but one case. It is interesting to note that there are many more
driveways that fall within the 150 corner clearance that is not compliant with ARMS
versus the next 150 feet that is compliant.
Table 4.5: Crash rates 0 to 150 feet from an intersection vs crash rates 150 feet to 300 feet

Distance
from
Intersection
US 1
Richland
US 25

# of driveways

HP 2012 Crashes

0150ft

150300ft

0-150ft

150300ft

0-150ft

150300ft

238

124

112

32

0.47

0.26

188

141

169

45

0.90

0.32
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Crash Rate

Greenville
SC 146
Greenville
US 176
Richland
SC 9
Spartanburg
US 17
Berkeley

53

42

75

38

1.42

0.90

117

95

74

63

0.63

0.66

100

74

58

22

0.58

0.30

113

86

37

5

0.33

0.06

Figure 4.13: US 1 Richland Sample Intersection
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The following research was done in partnering with fellow Clemson Masters
Student Adika Mammadrahimli in an attempt to show how the accuracy of crash
recording does have an impact on interpreted traffic safety (Mammadrahimli 2015). In
her research the analysis was repeated for 2010, 2011 and 2012. The results showed that
the total number of all driveway crashes did increase by almost 50% however there was a
300% increase in the quantity of driveway crashes that occurred on the travelway in close
proximity to intersections. While this increase is dramatic, it is clearly due, in large part,
to improved crash geocoding rather than a change in actual crash incidence.

4.5

Safety Analysis of Medians and Right-In Right-Out Driveways
4.5.1

Right In Right Out Analysis based on land use.

An additional analysis was conducted to compare the crash incidence of full
access driveways with right-in right-out (RIRO) driveways for different types of land use
where the land use has. Figure 4.14 shows the resulting crash rates. While full access
driveways show a crash incidence for full access driveways that is roughly twice that of
RIRO driveways, this relationship is more than 2.5 times for high-turnover land uses.
High-turnover land uses include gas stations, fast food restaurants, drive through banks,
big box commercial, etc. Figure 4.15 compares the crash frequency of high-turnover land
uses for full access driveways versus RIRO driveways. The figure shows the full access
driveways with at least one crash in 2012 have a crash frequency that ranges from one
crash up to 16 crashes. Nearly 90% of RIRO driveways that have at least one crash have
either one or two crashes. None of the RIRO driveways have more than 6 crashes.
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Conversely, the figure shows that several of the full access driveways have more than ten
crashes per buffer. The top three worst driveways were analyzed further. These
driveways can be seen in Figures 4.16, 4.17 and 4.18. The driveways with fifteen and
sixteen crashes occur when the driveways have far from ideal locations. The first
driveway is located in Greenville on a stretch of roadway with multiple intersections back
to back to back. The second driveway is a driveway by itself but it leads into a big box
shopping mall with a lot of high turnover pad developments. The third driveway actually
encroaches on an intersection.

Figure 4.14: Driveway Comparison
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Figure 4.15: Crash Frequency

Figure 4.16: Busy, Multi-Driveway Roadway
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Figure 4.17: Driveway Leading to Big Box Mall

Figure 4.18: Driveway within Intersection
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4.6 Chapter Summary
Chapter 4 discussed about how the different crash rates were developed for the
multiple types of driveway attributes. The crash rates were then compared with one
another graphically; these are known as summary statistics. From the summary statistics
a negative binomial analysis was performed and crash modification factors resulted. The
crash modification factors can tell anyone the predicted number of crashes for a specific
attribute. This is ideal for access management planners as they decide what the safest and
most practical driveway layout is.
The safety analysis highlighted a number of problems on major arterial roadways
across South Carolina. Many of these problems could have been avoided with strict
adherence to the ARMS manual; however, it is noted that the manual was published after
many of these driveways were permitted. Some of the more notable issues surround the
number of driveways within a minimum 150 ft. corner clearance area, allowances for
open driveways, and lack of median barriers at locations where left turns from driveways
should be prohibited. Where these characteristics were found, there was also an increase
in crash experience. Some access management practices that were shown to reduce crash
experience include use of RIRO driveways, driveway entrance channelization,
introduction of grassy or raised medians, increased spacing between driveways, placing
driveways beyond the intersection influence area, reducing speeds along the corridor, and
promoting multiple use driveways.
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CHAPTER FIVE
RESULTS

5.1 Results and Discussion
The focus of the analysis was cross-sectional using 2012 crash data and detailed
driveway characteristics. Many hours were put in to the development of the driveway
database for 11 selected corridors from all over the state. Input from the South Carolina
Access and Roadside Management Standards (ARMS) and the Highway Safety Manual
(HSM) were used as guides in the selection of attributes to record for each driveway. Six
corridors were selected for the final statistical analysis.
The analysis in Chapter 4 identified several significant independent variables that
influence crash rates either positively or negatively. The results indicate that increasing
the distance between driveways, increasing the number of entry lanes, and having a
raised median will decrease driveway related crashes. Conversely, increasing driveway
width, corridor volume and corridor speed limit will increase crashes. Similarly, a
driveway with high turnover land use, a driveway with full access (as opposed to right-in
right-out), and the presence of nearby signalized intersections will increase crashes. Thus,
it is very important that the type of land use and the context of the road be considered in
the design of site access. Crash Modification Factors and functions identified in the
literature are in general agreement with research findings on this project. The negative
binomial analysis was used to develop these Crash Modification Factors. With the Crash
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Modification Factors permitters can comparatively predict how changing the driveway
configuration would affect the crashes at that driveway.
In a perfect world there would not be any vehicle collisions but in this day and
age crashes are a certainty. But what we can do is try to minimize the number of these
vehicle collisions. Collisions can be minimized by removing conflict points, or points at
which a roadway user can cross, merge, diverge, etc. with another roadway user. Drivers
need sufficient time to address one potential conflict before facing another conflict. As
travel speed increases, the space needed between conflict areas also increases. Separating
conflict areas helps to simplify the driving task and contributes to improved traffic
operations and safety. Another way to separate conflict points is to convert a full access
driveway to a right-in-right-out driveway. According to the analysis in Chapter 4 this
change will reduce crashes by about 50%.
With the creation of this driveway database, permitters can now have access to all
of these types of driveways and see how different variables relate to the safety of the
roadway. They can visually see all of the existing driveways along a corridor by simply
pulling up a map of the location; here they have each driveway’s attributes one click
away. They could add in a future access point with its proposed information and the
computer would predict the number of crashes that the driveway might contribute to the
roadway. Multiple iterations could be done for different alternatives extremely fast
because a model has already been developed. A green to red conditional shading along
the map could flag problem areas that have a high crash history. This evidence can then
be taken to a property or business owner to show them concrete facts on how their 40
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foot wide proposed driveway would be a significant safety factor. When permitters have
access to this depth of data that is readily available, they can make decisions that are safer
for our nation’s roadways in a fraction of the time.
Based on findings from this thesis, comparisons with the current guidelines, and
literature review from other state DOT’s, a list of access management recommendations
and issues to avoid was compiled:

•

Summarize driveway class and type based on the predetermined options when the
landowner applies for a curb cut;

•

Insert discussion regarding safety and crash rates in standard manuals;

•

Expand list of driveway design features (I.E. High Volume, Major Volume);

•

Encourage right-in-right-out and shared driveways and provide incentives for those
who renovate existing problematic driveways to an appropriate and safe layout;

•

Make exceptions to local standards very hard to come by. The numbers do not lie.
Driveways that do not adhere to the existing standards should be avoided at all cost. If
you allow one gas station owner to design a driveway that does not follow the
standards, more will follow. When that happens, there will be a corridor of many
crashes.

•

Avoid continuous driveways / mountable curbs

This research provides many contributions to the access management field. These
contributions include the development of a methodology to relate crashes to driveways,
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how summary statistics with regard to characteristics of driveways and crash incidences
were shown, the analysis and the development of the CMFs and how they compare to
existing ones. This research could pave the way for a statewide driveway database
featuring the majority of US, SC and secondary routes in South Carolina. With a database
that large planners could easily identify where to place new access points and how to
configure them in the safest way possible. The developed method and terminology would
provide a seamless transition between planners, engineers and townspeople. The
summary statistics presented in Chapter 4 visually represent the safety of different
categories of driveway features. Each bar graph compares the different alternatives for
the access’s configuration such as the roadway median. Although many different factors
contribute to crashes, the summary statistics imply that changing the median from a
TWLTL to a raised median will see a 60% reduction in crashes. These figures can be
presented in local legislature and sent out to all the local traffic planners in hopes that
they will take these numbers into consideration when designing a new access point. The
CMF Clearinghouse is a great place to find the projected effects of different safety
practices such as widening a roadway or installing a raised median. The one glaring
problem with these is that most of the well-received CMFs are developed in the North
West regions of the United States. This research uses a multitude of data to develop local
CMFs specifically for the state of South Carolina. When comparing similar CMFs we can
see that although the patterns are the same the actual numbers can vary. With access to an
enormous set of data it is more beneficial to use local data to create CMFs than it is to use
a CMF that was created thousands of miles away.
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CHAPTER SIX
CONCLUSION AND RECOMMENDATIONS

6.1 Research Summary Conclusions
This thesis involved discovering the benefits of developing a one of a kind
driveway database. These benefits include improving access management practices that
result in a reduction of crashes, injuries, and fatalities on our roadways. Using empirical
data collected along several South Carolina corridors that ranked highest in driveway
related crashes, the researcher statistically analyzed and identified the correlation of
access issues with crash data from 2012. The goal is to illustrate the different kinds of
safety analyses that can be performed with this data. The results of the research highlight
a close relationship between driveway characteristics and the incidence of crashes. Thus,
it is critical to be proactive in enforcing access management strategies and policies that
are designed to enhance driveway safety without compromising the economic vitality of
land use along roads. Further contributions and recommended practices can be seen in
Chapter 5.
The literature review presented in Chapter 2 indicates that there is a vast amount
of information available related to access management strategies and policies that have
been implemented around the country. The findings of the literature review greatly
influenced the research.
The methodology combined all of the literature to develop a terminology for the
basis of the driveway database. With this information the driveway database was created,
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consisting of over 8,400 driveways each containing over 20 different attributes. Another
unique process was the development of variable driveway buffer models that created a
specific influence area for each driveway based on its spatial location, size and
configuration. This lead to the safety analysis by now being able to accurately link
crashes to specific driveway attributes.
The data driven approach to the safety analysis has resulted in several research
findings with regard to the relationship between safety and access management. These
findings show how useful a driveway database can be. The database lead to research that
has resulted in the development of an implementation plan to improve access
management practices in South Carolina. It is anticipated that implementation of the
findings of this research will result in long-term economic benefits, and improved traffic
flow and safety. It is anticipated that this access management program will be shared with
municipalities so that access management can be included in initial municipal planning.

6.2 Recommendations for Further Research
The enhanced crash data spatial accuracy will result in enhanced future safety
analysis including the analysis of driveway data. Longitudinal before and after studies of
driveway safety countermeasures, new developments with access waivers, as well as
trend analysis after implementation of changes to access management practices resulting
from this research are all potential research opportunities that can be beneficial. A followup research project could investigate additional factors that impact operations, such as the
effect of different driveway configuration, variation in driveway and mainline traffic
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volume, and corridor speed. The analysis used in this study only considered safety
benefits of access management strategies.
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Appendix A
Crash Modification Factors – Full References

Change Driveway Density from X to Y Driveways per Mile
Source:

CMF Clearinghouse (3*) – Fitzpatrick et al. (2009)

Abstract:

Agencies are seeking a better understanding of those roadway or roadside features that affect safety.
The objectives of this study were to develop a horizontal curve accident modification factor (AMF)
for rural, four-lane divided and undivided highways and to determine if the effect of driveway
density is different for horizontal curves as compared to tangent sections. Data available for use in
the evaluation included 121 centerline miles of rural, four-lane highways. Negative binomial
regression models were used to determine the effects of independent variables on crashes. Variables
considered in developing the base models included driveway density, lane width, outside shoulder
width, median width (which included inside shoulder width), median type, degree of curve, segment
length, and average daily traffic. Five years (1997-2001) of driveway and segment crashes were
examined. An AMF for horizontal curves was estimated and it supports a theoretical model
developed in another study. Reviewing the findings with respect to driveway density revealed that
the effect of driveway density is different for horizontal curves and tangents; however, the
differences were relatively minor. Therefore, the driveway density AMF determined using both the
horizontal curve and tangent sections is recommended.

CMF =

e 0.0152 (Y − X )
Where Y = # of driveways per mile in post condition
X = # of driveways per mile in pre condition

Applicability:
Crash Type: All
Crash Severity: Fatal, Serious injury, Minor injury
Road Type: Principle Arterial Other
Roadway Division: Speed Limit: Area: Rural
Traffic Volume: -
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Add Two-Way-Left-Turn-Lane (TWLTL) to the Major Approach of an Unsignalized 3-leg Intersection
Source:

CMF Clearinghouse (3*) – Haleem and Abdel–Aty (2010)

Abstract:

In this paper, we propose a new promising machine learning technique to select important
explanatory covariates, as well as to improve crash prediction; the group least absolute shrinkage
and selection operator (GLASSO) technique. GLASSO’s main strength lies in its ability to deal with
datasets having relatively large number of categorical variables, which is the case in this study.
Identifying the significant factors affecting safety of unsignalized intersections was also an essential
objective. Two applications of GLASSO were investigated; application for variable screening before
fitting the traditional negative binomial (NB) model, as well as before fitting another promising data
mining technique (the multivariate adaptive regression splines “MARS”). Extensive data collected at
2475 unsignalized intersections were used. For fitting the NB models, the backward deletion and the
random forest techniques were separately used as variables 11 screening, and their prediction
performance was compared to that from GLASSO. All the three methods resulted in almost similar
predictions. For GLASSO’s second application with MARS, the model fitting relatively
outperformed that from the random forest technique with MARS, with similar prediction
performance. Due to its outstanding performance with categorical variables, as well as its simplicity,
GLASSO is recommended as a promising variable selection technique. Significant predictors
affecting total crashes at unsignalized intersections were traffic volume on the major road, the
upstream and downstream distances to the nearest signalized intersection, median type on major and
minor approaches, and type of land use. Resembling previous studies, the volume of traffic was the
most important predictor.

CMF =

0.69

Applicability:
Crash Type: All
Crash Severity: All
Road Type: Not Specified
Roadway Division: Speed Limit: Area: All
Traffic Volume: -
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Add Two-Way-Left-Turn-Lane (TWLTL) to the Major Approach of an Unsignalized 4-leg Intersection
Source:

CMF Clearinghouse (3*) – Haleem and Abdel–Aty (2010)

Abstract:

In this paper, we propose a new promising machine learning technique to select important
explanatory covariates, as well as to improve crash prediction; the group least absolute shrinkage
and selection operator (GLASSO) technique. GLASSO’s main strength lies in its ability to deal with
datasets having relatively large number of categorical variables, which is the case in this study.
Identifying the significant factors affecting safety of unsignalized intersections was also an essential
objective. Two applications of GLASSO were investigated; application for variable screening before
fitting the traditional negative binomial (NB) model, as well as before fitting another promising data
mining technique (the multivariate adaptive regression splines “MARS”). Extensive data collected at
2475 unsignalized intersections were used. For fitting the NB models, the backward deletion and the
random forest techniques were separately used as variables 11 screening, and their prediction
performance was compared to that from GLASSO. All the three methods resulted in almost similar
predictions. For GLASSO’s second application with MARS, the model fitting relatively
outperformed that from the random forest technique with MARS, with similar prediction
performance. Due to its outstanding performance with categorical variables, as well as its simplicity,
GLASSO is recommended as a promising variable selection technique. Significant predictors
affecting total crashes at unsignalized intersections were traffic volume on the major road, the
upstream and downstream distances to the nearest signalized intersection, median type on major and
minor approaches, and type of land use. Resembling previous studies, the volume of traffic was the
most important predictor.

CMF =

0.66

Applicability:
Crash Type: All
Crash Severity: All
Road Type: Not Specified
Roadway Division: Speed Limit: Area: All
Traffic Volume: -
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Convert an Open Median to a TWLTL
Source:

CMF Clearinghouse (3*) – Haleem, K., Abdel-Aty, M., and Mackie, K. (2010)

Abstract:

The negative binomial (NB) model has been used extensively by traffic safety analysts as a crash
prediction model, because it can accommodate the over-dispersion criterion usually exhibited in
crash count data. However, the NB model is still a probabilistic model that may benefit from
updating the parameters of the covariates to better predict crash frequencies at intersections. The
objective of this paper is to examine the effect of updating the parameters of the covariates in the
fitted NB model using a Bayesian updating reliability method to more accurately predict crash
frequencies at 3-legged and 4-legged unsignalized intersections. For this purpose, data from 433
unsignalized intersections in Orange County, Florida were collected and used in the analysis. Four
Bayesian-structure models were examined: (1) a non-informative prior with a log-gamma likelihood
function, (2) a non-informative prior with an NB likelihood function, (3) an informative prior with
an NB likelihood function, and (4) an informative prior with a log-gamma likelihood function.
Standard measures of model effectiveness, such as the Akaike information criterion (AIC), mean
absolute deviance (MAD), mean square prediction error (MSPE) and overall prediction accuracy,
were used to compare the NB and Bayesian model predictions. Considering only the best estimates
of the model parameters (ignoring uncertainty), both the NB and Bayesian models yielded favorable
results. However, when considering the standard errors for the fitted parameters as a surrogate
measure for measuring uncertainty, the Bayesian methods yielded more promising results. The full
Bayesian updating framework using the log-gamma likelihood function for updating parameter
estimates of the NB probabilistic models resulted in the least standard error values.

CMF =

1.45

Applicability:
Crash Type: All
Crash Severity: All
Road Type: Not Specified
Roadway Division: Speed Limit: Area: Not Specified
Traffic Volume: -
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Install Raised Median
Source:

CMF Clearinghouse (4*) – Schultz, G., Thurgood, D., Olsen, A., Reese, C.S. (2011)

Abstract:

Because traffic safety studies are not performed in a controlled environment such as a laboratory, but
rather in an uncontrolled real world setting, traditional analysis methods often lack the capability to
adequately evaluate the effectiveness of roadway safety measures. In recent years, however,
advanced statistical methods have been utilized in traffic safety studies to more accurately determine
the effectiveness of such measures. These methods, particularly Bayesian statistical techniques, have
the capabilities to account for the shortcomings of traditional methods. Hierarchical Bayesian
modeling is a powerful tool for expressing rich statistical models that more fully reflect a given
problem than traditional safety evaluation methods could. This paper uses a hierarchical Bayesian
model to analyze the effectiveness of raised median installations on overall and severe crash
frequency in the state of Utah by determining the effect each has on crash frequency and frequency
of severe crashes at study locations before and after installation of raised medians. Several sites
where raised medians have been installed in the last 10 years were evaluated using available crash
data. The results of this study show that the installation of a raised median is an effective technique
to reduce the overall crash frequency and frequency of severe crashes on Utah roadways with results
showing a reduction in overall crash frequency of 25 percent and frequency of severe crashes of 36
percent along corridors where raised medians were installed. The results also show that hierarchical
Bayesian modeling is a useful method for evaluating effectiveness of roadway safety measures.

CMF =

0.61

Applicability:
Crash Type: All
Crash Severity: All
Road Type: Not Specified
Roadway Division: Divided by Median
Speed Limit: Area: Traffic Volume: 10000 – 55000 ADT
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Replace TWLTL with Raised Median
Source:

CMF Clearinghouse (3*) – Mauga, T. and Kaseko, M. (2010)

Abstract:

This paper presents results of a study that developed statistical models that relate access
management (AM) features with traffic safety in midblock sections of street segments. The objective
of the study was to evaluate and quantify the impact of the AM features on traffic safety in the
midblock sections. It is anticipated that the results of this study will assist local jurisdictions in the
Las Vegas valley in the development of new AM policies and programs. Models were calibrated for
two main types of median treatments for street segments, namely, raised medians (RM) and twoway-left-turn-lanes (TWLTL). Other AM features considered were signal spacing and the densities
of driveways, median openings and unsignalized cross roads. Separate models were developed for
the impacts on total crash rates, types of crashes and severity. The study results confirmed the
intuitive expectation that these AM features do have significant impact on safety. They show that
segments with RM had lower crash rate by 23% compared to segments with TWLTL. The results
also show that higher densities of driveways cross roads and median openings results in higher crash
rates and severity. For example, for segments with RM, each additional median opening per mile
results in a 4.7% increase in the total crash rate. A comparison of these results with pervious similar
studies is also made in this paper.

CMF =

0.77

Applicability:
Crash Type: Angle, Fixed object, Head on, Rear end, Run off road, Sideswipe, Single Vehicle
Crash Severity: All
Road Type: All
Roadway Division: All
Speed Limit: 30 - 45
Area: Urban
Traffic Volume: 4883 to 96080
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